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Abstract 
This paper evaluated four waste limestones mined in the Minas Gerais State, Brazil, and its potential as soil acidity 
amendments and its effects upon soil fertility attributes. Laboratory and greenhouse experiments were performed at the 
University Centre of Formiga (UNIFOR), with Oxisols collected under native conditions. A randomly experimental 
design was set with four replications, five liming materials (four waste limestones products + a mix pure product, to 
comparison) applied in two liming rates (50% and 70% of base saturation), and a control plot (no lime applied). Each 
liming material was characterized with respect to CaO(%), MgO(%), and micronutrients Ca, Mg, Fe, Cu, Mn, Zn contents 
by atomic absorption spectrophotometer and the mineralogy by X-ray diffractometry. Results indicated that all liming 
materials tested could be classified as supplemental source of calcium and magnesium and caused an increase in soil pH, 
soil Ca and Mg, and base saturation levels, whereas aluminum saturation decreased. Dolomite, calcite and quartz are 
major minerals. Cu, Fe, Mn, and Zn were found in trace-amounts in all waste limestones, which was considered typical 
for such products. Considering the improvement of chemical characteristics and increase soil fertility, the use of waste 
limestone is an alternative that allows the use of commercial discarded material in small properties. 
 
© 2013 Published by Elsevier B.V. Selection and/or peer review under responsibility of Asia-Pacific 
Chemical, Biological & Environmental Engineering Society 
 
Keywords: WASTE LIMESTONES, TROPICAL SOILS, FERTILITY, REACTIVITY 
 

 Corresponding author. Tel.: + 55 (37) 3329-1475; fax: + 55 (37) 3329-1411 
E-mail address: coordengamb@uniformg.edu.br. 
2013 5th International Conference on Chemical, Biological and Environmental Engineering
(ICBEE 2013)
2013 2nd International Conference on Civil Engineering (ICCEN 2013)
© 2014 Leyser Rodrigues Oliveira. Published by Elsevier B.V.
Selection and peer review under responsibility of Asia-Pacifi c Chemical, Biological & Environmental Engineering Society
9 Leyser Rodrigues Oliveira et al. /  APCBEE Procedia  9 ( 2014 )  8 – 12 
1. Introduction 
The limestone mining is an important economic activity around the world and especially in Brazil, a 
country that has a large expanse of acid soils and low fertility. To acidity corrective material could classified 
such as "limestones" or "waste limestones", chemical minimum quality standards are established by 
legislation and, in most cases, waste limestones are disposed, becoming an environmental issue [1]. This 
doesn't mean, however, that these waste limestones can't be employed. Currently, the Brazilian agricultural 
market is a stabilized economy context within a highly competitive international market, which implies lower 
profit margins, where decision making is aimed at reducing costs. The use of agricultural supplies an 
attractive alternative for this market. The knowledge of the chemical and mineralogical properties of soil 
acidity correction and studies about their behavior, interaction and chemical potential nutrient supply are 
fundamental mechanisms for choosing the dosage and the correct proportions to be applied. Chemical 
characteristics of soils as pH, buffer capacity and water content, clay content, crop condition and other 
parameters influence the acidity neutralization capacity and, consequently, the corrective efficiency [2]. Based 
on these premises, the aim of this paper was to analyze the chemical and mineralogical of four waste 
limestones from Minas Gerais State, Brazil, and verify the behavior and availability of Ca, Mg, S, Fe, Cu, Mn, 
Zn and B in the soil.  
2. Metodology 
All experiments were conducted in the Soil Science Laboratory from University Centre of Formiga, Minas 
Gerais State, Brazil, and each one was determined according to the Brazilian official method [3]. To check the 
ability of high pH soil values and Ca, Mg, S, Fe, Cu, Mn, Zn and B availability, the experiment was mounted 
into greenhouse, using 5000 cm3 plastic pots. The randomly experiment design was a 5 x 2 factorial (5 liming 
materials applied in Vproj = 50% and Vproj = 70% liming levels base saturation) each one with 4 replicates, 
plus soils controls (4 replicates with zero liming level), totaling 88 treatments. The quantity of waste 
limestone added was calculated based on Brazilian official method [3]. Typical Minas Gerais State, samples 
surface layer (0-20 cm) of Oxisol were collected, being air dried, sieved and characterized chemically, as 
describe in Table 1. 
Table 1. Main chemical characteristics of the Oxisol 
Characteristics Originals soil’s values Characteristics Originals soil’s values 
pH  5.3 V (%) 11.0 
P  2.0 m (%) 31.0 
K  50.0 Micronutrients 
Ca  2.1 Zn 1.4 
Mg  0.9 Fe  325.4 
Al  0.1 Mn 9.2 
H + Al  2.6 Cu  1.6 
T  5.7 B  4.5 
t  3.2 S 8.4 
Note: pH - measured in H2O under 1:2,5 soil:solutiion relation; T - exchange capacity cation in pH soil = 7,0; t - exchange capacity 
effective cation; V(%) - base saturation; m(%) - aluminum saturation; P, K and micronutrients - units in mg dm-3; Ca, Mg, Al, H + Al, T 
and t - units in cmolc dm-3 
 
Samples from different liming materials used were submitted to atomic absorption spectrophotometer to 
determine Ca, Mg, Fe, Cu, Zn, Mn and S contents. These results were used to confirm the classification of 
materials as waste limestones using Brazilian laws', because this method provides the total amounts of 
chemical elements.  Posteriorly, these samples were subjected to qualitative analysis by X-ray diffractometry, 
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using cobatl tube (O = 1.79 Å) set 35 kV of voltage and 25 mA amperage to major minerals identification.  To 
calculate the amount of waste limestone needed to obtain saturation levels (in soil) by bases saturation in 50% 
(Vproj = 50%) and 70% (Vproj = 70%), bean crop was used as reference. The waste limestones were added in 
4750 cm3 soil pots and moisture was controlled around 60%. Finally, analysis of variance and Scott-Knott’s 
statistical tests were used to verify chemical soil and nutrients levels change. 
3. Results and Discussion 
According to Brazilian laws from acidity classification [4], for a corrective material to be classified as 
limestone, the "minimum values" from sum of CaO(%) and MgO(%) should be 38%. By the way, all 
materials were confirmed as “waste limestones” because the values of Ca, Mg and its oxides are below the 
minimum standard of limestones (38%), as can be seen Table 2, including micronutrients. 
Table 2. Chemical characterization of materials used. 
Material 
Ca Mg CaO MgO Fe Cu Zn Mn B 
------ g kg-1 ------ ------- % ------- --------------------- mg kg-1 --------------------- 
1 164.45 61.87 25.11 12.61 16.27 1.87 4.80 5.33 1.93 
2 111.45 43.49 20.18 09.81 16.48 1.50 5.75 10.73 0.98 
3 96.30 56.01 14.10 08.83 16.72 0.88 5.28 11.15 2.15 
4 114.06 72.17 20.73 11.61 16.80 1.75 5.95 9.10 1.10 
 
All micronutrients were found in trace quantities when one takes into account the required doses of waste 
limestone applied to supply the needs of most crops, which shows the need for additional fertilizers. However, 
the levels of micronutrients found may be considered normal [5] for these materials. X-ray diffractometry 
analysis not revealed S, Fe, Cu, Mn, Zn and B minerals, as shown in Figure 1. 
 
Fig. 1. Waste limestones (1, 2, 3 and 4) diffractograms (Cc = calcite; Dm = dolomite; Qz = quartz) 
The diffractograms allowed the identification of peaks corresponding to calcite, dolomite and quartz. 
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Considering the X-ray semiquantitive character, we notice the presence of quartz in waste limestones 2, 3 and 
4 in small quantities, hence the small peak at the point of greatest intensity (d = 3.34 Å) and larger amounts of 
dolomite when compared to calcite. After these experiments, waste limestones quantities needed to base 
saturation levels expected (50% and 70%) designed to bean crop were applied in Oxisol and after a period of 
90 days, there were chemical changes, as Table 3 shows. 
Table 3. New chemical characteristics of the Oxisol after incubation with waste limestones 
Test 
Vproj 
pH 
P K Ca Mg H + Al t T V m 
Ca:Mg 
Zn Fe Mn Cu B S 
(%) - mg dm-3 - -------------- cmolc dm-3 ------------- ----- % ----- ----------------- mg dm
-3 ----------------- 
Ctrl. 0 4.93e 0.75a 28.00b 0.60f 0.20e 5.15a 1.53g 6.05d 14.45g 41.75a 3.00a 1.18a 66.23a 5.33e 0.88a 0.10e 4.60e 
1 50 5.60c 0.60a 27.50b 1.90d 1.70d 2.83c 3.80e 6.53c 56.53e 3.00b 1.12d 1.15a 49.60c 5.08e 0.85a 0.18d 7.08c 
2 50 5.73c 0.60a 28.25b 2.00d 2.13c 2.83c 4.33d 7.05b 59.70d 2.00b 0.94d 1.13a 45.30d 8.13b 0.80a 0.18d 6.88c 
3 50 5.85b 0.50a 29.75a 2.10c 3.03a 2.30d 5.33b 7.53a 69.25b 2.00b 0.69e 1.20a 43.63d 6.88d 0.63b 0.18d 8.00b 
4 50 5.38d 0.68a 28.00b 1.48e 1.53d 3.30b 3.20f 6.40c 48.20f 3.00b 0.97d 1.20a 57.63b 7.05d 0.85a 0.18d 5.78d 
Mix 50 5.53c 0.60a 29.75a 2.45c 1.30d 2.90c 3.95e 6.75b 56.83e 2.75b 1.88b 1.50a 55.08c 5.75e 0.98a 0.15d 5.70d 
1 70 5.83b 0.60a 30.25a 2.40c 1.98c 2.38d 4.58d 6.85b 65.25c 2.00b 1.21c 1.33a 47.08c 5.10e 0.75a 0.43a 6.65c 
2 70 5.98b 0.60a 30.00a 2.25c 2.63b 2.10d 5.08c 7.08b 70.20b 2.00b 0.86d 1.13a 42.63d 9.98a 0.65b 0.20d 7.88b 
3 70 6.28a 0.68a 29.50a 2.70b 3.10a 1.75e 6.00a 7.65a 77.00a 2.00b 0.87d 1.10a 38.73d 7.55c 0.55b 0.45a 10.05a 
4 70 5.85b 0.75a 30.00a 2.00d 2.18c 2.60c 4.38d 6.88b 62.08d 2.00b 0.92d 1.18a 50.80c 7.40c 0.60b 0.38b 7.43b 
Mix 70 5.88b 0.50a 29.00a 3.00a 1.68d 2.33d 4.88c 7.10b 66.93c 2.00b 1.79b 1.15a 47.08c 5.15e 0.68b 0.30c 7.20c 
Note: Ctrl. - control plots (no lime applied); Mix - mix pure product, to comparison. Means followed by the same letter do not differ by 
Scott-Knott’s statistical test at 5% level.  
 
The addition of waste limestones changed pH soil's values, being statistically different between when 
compared to control plot. The highest elevation of pH corresponding to the highest dose of waste limestone 
applied, which can be verified by the increase of Ca and Mg in the soil, especially in higher saturation. These 
increments enhance the argument to use of these waste limestones as sources of Ca and Mg, conferring the 
same benefits of commercial limestone.  
Many studies have linked the availability of  Mn, B and S to pH soil effect, increasing or reducing its 
availability, although several nutrients binds to clay minerals, silicates and especially, iron and aluminun 
oxides crystalline and amorphous [1], [2], [6]. Although increasing the pH tends to decrease Zn and Cu 
availability in soils [7], low levels of organic matter doesn't allow a good complexation of this element in 
inorganic forms insoluble and thus no statistical differences were found. Fe availability was reduced due to 
the increased activity and microbial respiration by the dissolution of CaCO3 by releasing significant amounts 
of HCO3- and CO2, whose interactions reduced levels of iron in the soils. There was also a significant 
reduction in exchangeable aluminum. 
4. Conclusion 
Although "waste limestone" can not be used under Brazilian law as "limestone", has proved its ability to 
increase pH soil, Ca and Mg supply, base saturation increases and exchangeable aluminum reduce. Therefore, 
it is a product that may have farm. It is probable that the differentiation between waste limestones on soil 
chemical changes occurred in response to different amounts added in the treatments and its interactions with 
the water content and other soil properties. The behavior and availability of nutrients present in waste 
limestones studied is consistent with the papers published in worldwide [1], [8], [9]. 
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